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[S7] ABSTRACT

A motor drive having a very large dynamic speed range
comprises a PID position feedback control system (8) in
which the motor position is readjusted on the basis of the
difference between the instantaneous (X,) and the nominal
(X,) position. A series of nominal positions (X,) is determined
from a nominal speed (v) in a speed control unit (3). The
successive nominal positions (X (t)) in a series exhibit a
constant difference (Ax) relative to one another and are

presented to the PID position feedback control system (8)
with fixed intervals (At). A drive of this kind is used, for

example in the beam collimator of an X-ray device.

20 Claims, 1 Drawing Sheet
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DRIVE INCLUDING PID POSITION
FEEDBACK DRIVE AND CONTROL SYSTEM
FED BY SPEED CONTROL UNIT AND X-RAY

DEVICE COMPRISING SUCH A DRIVE

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates to a drive, comprising a motor with
a motor shaft, a feedback control system for positioning the
motor shaft in a nominal position, and an input for entering
the nominal position. The invention also relates to an X-ray
device, comprising an X-ray source and an adjustable
diaphragm, or a collimator, with a displaceable shutter
arranged in front thereof.

2. Description of the Related Art

A drive of this kind is known from Patents Abstracts of
Japan, Kokai No. JP-A 5-11850. The cited publication
describes an electric control system in which the differential
control cycle is varied by means of switches in dependence
on the speed, thus enabling smooth movement at a very low
speed.

For a number of applications it is necessary to control the
speed at which the displacement takes place. When very
large differences in speed are necessary, a gear box is used
for this purpose. For the displacement of lead shutters in a
beam collimator in an X-ray device, a dynamic range of a
factor 3000 is required so as to execute a small variation of
the setting sufficiently accurately and smoothly and to
execute a large variation within a very short period of time.
In the known drive a gear box will be necessary. A gear box
has the drawback of a comparatively large mass to be moved
and it also requires a considerable amount of space. A
mechanical system of this kind also has the drawback of play
and inaccuracy of positioning when the gear ratio is
changed, and it also requires additional maintenance.

SUMMARY OF THE INVENTION

It is inter alia an object of the invention to provide a drive
whereby a very large dynamic range of more than approxi-
mately a factor 1000 can be realized without utilizing a gear
box.

To this end, a drive in accordance with the invention is
characterized in that said input is coupled to a speed control
unit which is arranged to supply the feedback control system
with a series of nominal positions which are presented with
substantially equal time intervals, the differences between
successively presented nominal positions having substan-
tially the same values. Slow movement of the motor shaft is
achieved by such intermittent entering of each time a new
nominal position which exhibits each time a small difference
relative to the preceding nominal position. The motor shaft
can be displaced over a large range at a high speed when a
large difference is entered. The speed of the motor can be
controlled by changing the difference between two succes-
sive nominal positions and by changing the time interval.

In order to enable very slow movement, the drive in
accordance with the invention is characterized in that the
speed control unit is arranged to present two successive
nominal positions, from a series of positions presented, with
a time interval which is approximately equal to the time
required by the drive so as to position the motor shaft in the
nominal position. When the motor does not come to a
standstill before the next nominal position is entered,
smooth movement is also possible in the case of low speeds.
The lowest possible or minimum non-zero smooth speed is
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then determined by the minimum difference between two
successive nominal positions in response whereto motor
movement still takes place.

A further embodiment of the drive in accordance with the
invention is characterized in that the feedback control sys-
tem is a proportional-integral-differential (PID) control sys-
tem. Such a control system is a standard system whose
properties are well known.

The drive in accordance with the invention is preferably
characterized in that the feedback control system is a digital
control system. In the case of analog position control, the
maximum value of the drive signal limits the number of
revolutions of the motor. In the case of digital control. this
limitation can be eliminated by using a drive signal which is
modulo an integer number of revolutions, so that the number
of revolutions of the motor is not limited.

A drive in accordance with the invention is preferably
characterized in that the feedback control system comprises
an incremental encoder. The use of an incremental encoder,

for example an optical encoder, is advantageous because
such an encoder is very accurate and its range is not limited.

The drive in accordance with the invention can be advan-
tageously used for the displacement of the shutters in a
collimator of an X-ray device.

BRIEF DESCRIPTION OF THE DRAWING

These and other, more detailed aspects of the invention
will be described in detail hereinafter, by way of example,
with reference to the drawing, wherein:

FIG. 1 shows diagrammatically a drive in accordance
with the invention;

FIG. 2 shows the nominal position as a function of time
in an analog feedback system,;

FIG. 3 shows a nominal position as a function of time in
a digital feedback system; and

FIG. 4 shows an X-ray device in accordance with the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows diagrammatically a drive in accordance
with the invention comprising a position feedback control
system 8 which receives a position command signal X (t)
from a speed control unit 5. Position feedback control
system 8 comprises: a motor 1, which may be a DC motor
or an AC motor, for driving a load L is energized by a motor
current I originating from a proportional-integral-
differential control circuit 2. In the PID control circuit the
value of the motor current I, is determined on the basis of
an input signal which is proportional to the difference
between the instantaneous position x, of the motor 9 and a
nominal position x, The difference between the signals
representing X, and X, is determined in a differencing circuit
3. The instantancous position of the motor shaft 9 is
measured, for example by means of a rotating encoder 4
mounted on the motor shaft. The position measurement can
be performed not only on the motor shaft 9 but also by
measuring the displacement of the load L.

The speed of the motor shaft 9 is controlled by determin-
ing in speed control unit § a position command signal x, (t)
in the form of a series of nominal positions presented to the
position command input 10 of differencing circuit 3 at
different instants t, corresponding to a nominal speed indi-
cated by a speed command signal v supplied to the speed
contro! unit 5. From the nominal speed indicated by speed
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control signal v, an increment Ax and a time interval At are
determined in the speed control unit S, for example in a
microprocessor 6. These two values are subsequently
converted, for example in the position generator 7 to pro-
duce the position command signal x, (t) in the form of series
of nominal positions; which exhibit a constant difference Ax
relative to each other and which are successively applied to
the position command input 10 of the differencing circuit 3
with a fixed time interval At, Thus, a displacement with a
mean speed AX/At (=v) is obtained. The maximum value of
the speed is determined by the maximum motor speed, the
minimum speed which is still smooth by the inertia of the
motor with the load. the resolution of the encoder, and the
smallest possible value of AX at which displacement still
occurs. In the case of a digital system, if desired, a larger
number of different mean speeds can be realized by varying
the values of Ax and/or At instead of keeping them constant.
When the nominal speed v is changed, the value of Ax and/or
At will be changed by the microprocessor 6.

For a slow but smooth movement preferably as small as
possible values of Ax are used and At is varied so as to obtain
the desired speed. For high speeds Ax as well as At can be
varied. By utilizing a high-resolution rotary encoder a speed
of less than one revolution per minute can be realized for a
motor whose maximum speed amounts to some 8000 revo-
lutions per minute. 0.3 revolutions per minute is possible
when use is made of an encoder with 1500 lines per

revolution.

FIG. 2 shows the relation between the nominal position X,
and the time t for an analog control system. The speed is
represented by the slope of the line 10. In an analog control
system the nominal position X, is given by an electric
voltage and is limited in that the voltage cannot increase
indefinitely. When this voltage reaches its maximum value,
the motor stops. Therefore, preferably a digital control
system is used in which the nominal position can be entered
modulo an integer number of revolutions of the encoder 4.

FIG. 3 shows the nominal position X, as a function of time
t for a digital system. Therein, time can be represented as a
number of clock pulses of a duration of, for example 5 ms
each and a position can be represented as a number of
encoder increments, one revolution comesponding to from
1000 to 2000 increments for a typical encoder. An increase
of the number of increments between two nominal positions
means an increase of the speed; an increase of the number
of clock pulses in a time interval means a decrease of the
speed.

A drive in accordance with the invention can be advan-
tageously used when a combination of accurate positioning
and a large dynamic speed range is desirable. This is the
case, for example for plotters, wafer steppers, mounting
machines for electronic components, etc. A specific appli-
cation in an X-ray device is shown in FIG. 4.

FIG. 4 shows an X-ray source 10 which gencrates an
X-ray beam 11. The X-ray beam 11 forms a shadow image
of a patient 12 on an X-ray detector 13, for example a
photographic plate, the entrance screen of an image
intensifier. or a semiconductor detector. During the forma-
tion of X-ray images it is necessary to adapt the cross-
section of the beam 11 to the image to be formed and the
remaining X-rays must be stopped, for example in order to
shield parts of the patient or to prevent local overexposure
of the detector 13. Shielding is effected by means of a
collimator 14 which is arranged pear the X-ray source 10
and which comprises a number of displaceable lead shutters
14a and 14b which can be displaced by means of a motor

3

10

15

25

33

43

30

35

65

4

14¢. Accurate shutter adjustment requires slow and con-
trolled driving of the shutters because of the multiplication
factor which results from the difference in distance from
collimator 14 and patient 11 to the X-ray source 10. One
possible motor speed is 2.5 revolutions per minute. On the
other hand, for example when a new format for an exposure
is adjusted, the displacement of the shutters to a standard
setting may not be more time-consuming than the adjust-
ment of the other parts of the X-ray apparatus. This requires
a motor speed of some 8000 revolutions per minute.

I claim:

1. A drive, comprising:

a motor with a motor shaft;

a feedback control system for positioning the motor shaft
in a nominal position represented by a position com-
mand signal, and an input for receiving the position
command signal, and

a speed control unit having an input for receiving a
velocity command, said speed control unit being
arranged to produce the position command signal in
response to the velocity command such that the posi-
tion command signal represents a series of nominal
positions which are presented with differences (Ax)
between successively presented nominal positions hav-
ing substantially a same value, and time intervals (At)
between successively presented nominal positions hav-
ing substantially a same value, by at least calculating
the value of the time intervals (At) such that the value
of the time intervals (At) is changed in response {0 a
change in the velocity control signal, and to supply the
position command signal to the input of the feedback
control system.

2. A drive as claimed in claim 1, wherein the speed control
unit is arranged to present the position command signal such
that the value of the differences (Ax) between the succes-
sively presented nominal positions is substantially equal to
the smallest possible value at which displacement of the
motor shaft occurs at a smooth speed.

3. A drive as claimed in claim 1, wherein the feedback
control system is a proportional-integral-differential (P1D)
control system.

4. A drive as claimed in claim 1, wherein the feedback
control system is a digital control system.

5. A drive as claimed in claim 1, wherein the feedback
control system comprises an incremental encoder.

6. An X-ray device, comprising an X-ray source and a
displaceable shutter which is arranged in front thereof which
is driven by a drive comprising:

a motor with a motor shaft;

a feedback control system for positioning the motor shaft
in a nominal position represented by a position com-
mand signal, and an input for receiving the position
command signal, and

a speed control unit having an input for receiving a
velocity command, said speed control unit being
arranged to produce the position command signal in
response to the velocity command such that the posi-
tion command signal represents a series of nominal
positions which are presented with differences (Ax)
between successively presented nominal positions hav-
ing substantially a same value, and time intervals (At)
between successively presented nominal positions hav-
ing substantially a same value, by at least calculating
the value of the time intervals (At) such that the value
of the time intervals (At) is changed in response to a
change in the velocity control signal, and to supply the
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position command signal to the input of the feedback
control system.

7. A drive as claimed in claim 2, wherein the feedback
control system is a proportional-integral-difterential (PID)
control system.

8. A drive as claimed in claim 2, wherein the feedback
control system is a digital control system.

9. A drive as claimed in claim 3. wherein the feedback
control system is a digital control system.

10. A drive as claimed in claim 7, wherein the feedback

control system is a digital control system.
11. A drive as claimed in claim 2, wherein the feedback

confrol system comprises an incremental encoder.
12. A drive as claimed in claim 3, wherein the feedback

control system comprises an incremental encoder.
13. A drive as claimed in claim 4, wherein the feedback

control system comprises an incremental encoder.
14. A drive as claimed in claim 8, wherein the feedback
control system comprises an incremental encoder.
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15. A drive as claimed in claim 9. wherein the feedback
control system comprises an incremental encoder.

16. A drive as claimed in claim 10, wherein the feedback
control system comprises an incremental encoder.

17. An X-ray device as claimed in claim 6, wherein the
speed control unit is arranged to present the position com-
mand signal such that the value of the differences (Ax)
between the successively presented nominal positions is
substantially equal to the smallest possible value at which
displacement of the motor shaft occurs at a smooth speed.

18. An X-ray device as claimed in claim 6, wherein the
feedback control system is a proportional-integral-

differential (PID) control system.
19. An X-ray device as claimed in claim 17, wherein the

feedback control system is a proportional-integral-
differential (PID) control system.

20. An X-ray device as claimed in claim 19, wherein the
feedback control system is a digital control system.

. S T .
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